[TS]-[LI]-H-x- [HKLRD] (an insertion of ETLYCRHEHRYSIFISLD sequence within the motif 1 3 9 was found in TaZIFL7.2-4A) (Ricachenevsky et al., 2011) . The presence of one or another ZIFL and their respective homoeologos from different wheat sub-genomes (Table S3 ). To check the Arabidopsis were used to build a rooted phylogenetic tree through the NJ method ( Figure 1 ).
4 6
Because of the genome duplication events in wheat, the genes are likely to show multiple alleles TaZIFL genes were named according to their respective closest known orthologs from rice. Among the wheat ZIFL proteins TaZIFL4.1 showed highest homology with TaZIFL4.2 of 95.2 1 5 1 percentage identity. When a cross species comparison was done, the maximum identity of 87 1 5 2 percent was shown byTaZIFL2.2-3D and AtZIFL2. With rice, the highest percentage identity of 1 6 9 structure was analyzed and regions corresponding to intron-exons were marked ( Figure 3 ). TaZIFL clustered into the same group and shared almost similar distribution pattern for the 1 7 1 number of exon/intron. The intron-exon number varies from 14-17 in the respective TaZIFL 1 7 2 genomic sequences ( Figure 3 , Table S2 ). To have an understanding about the similarity, variation in motif composition and distribution of 1 7 6
TaZIFL, 15 sequences representing each ZIFL transcript were subjected to MEME analysis. Our analysis revealed the presence of fifteen motifs (Figure 4a , Table S3 ). Out of fifteen motifs, six were conserved throughout all ZIFL, while some lacked few motifs. Four unique and exclusively motifs (12, 13, 14, 15) were identified, which are specific to the respective group. Motif 14 and present in the cytoplasmic loop between TM2 and TM3 ( Figure S2 , Table S4 ) as well S-x(8)-G- previously were also present in most of the wheat ZIFL proteins (Ricacahenevsky et al., 2011) .
The absence of these motifs was observed in TaZIFL2.5_5D, TaZIFL 3_4B, TaZIFL 4.2_4A, 1 9 1 TaZIFL5_5D, TaZIFL7.1_4D this might be because of missing sequence information. This motif 1 9 2 was found to be present in the cytoplasmic N-terminal loop for TaZIFL groups 2, 4, 5, 6 and in 1 9 3 the non-cytoplasmic N-terminal loop for groups 1, 3 and 7 ( Figure S2 and Table S4 ). Another 1 9 4 conserved histidine (His)-containing motif PET[L/I]H showed its presence in the cytoplasmic 1 9 5 loop between TM domains ranging from 2 and 3 to 6 and 7, with highest between 6 and 7 TM 1 9 6 domains ( Figure S2 ). To find the molecular clues that could regulate the expression of wheat ZIFL transcripts, the 1.5 2 0 0 kB promoter region of the all identified wheat ZIFL genes was explored. Our analysis revealed a 2 0 1 large number of cis-elements in the promoter of wheat ZIFL. Predominantly, the promoters were 2 0 2 enriched with the presence of the core binding site for iron-deficiency responsive element 2 0 3 1 0 binding factor 1 (IDEF), iron related transcription factor 2 (IRO2) and heavy metal responsive 2 0 4 element (HMRE) ( Table 5 ). The presence of these promoter elements suggests that wheat ZIFL 2 0 5 genes might respond towards the presence of heavy metals and to important micronutrients like 2 0 6
Fe and Zn. Interestingly, IDE1 cis-element was present on all the promoters of the respective 2 0 7
wheat ZIFLs suggesting that they could respond to Fe limiting conditions. Few of these 2 0 8 promoters consist of multiple such cis-elements suggesting their diverse function in plants ( TaZIFL6.2 showed significantly higher expression during one of the time points under Zn 2 1 7 surplus condition ( Figure 5 ). Of all the genes, the fold expression level for TaZIFL4.1 was 2 1 8 highest (~7 fold) at 3D after treatment with respect to control roots ( Figure 5a ). In shoots, tissues. In contrast, during our experiment the expression of a few wheat ZIFL genes showed 2 2 4 down-regulated in shoots but not in roots. Our expression data under Zn surplus condition 2 2 5 suggested the differential response by wheat ZIFL towards the treatment. Previous evidences indicated that plant ZIFL genes not only respond to Zn excess, but 2 2 7 also are also affected by the Fe limiting conditions (Haydon et al., 2012) . Therefore, expression 2 2 8 analysis of wheat ZIFL genes was checked in roots and shoots of seedling subjected to a Fe shoots. Remaining genes remain unaffected by the Fe stress ( Figure 6b ). Overall, our expression 2 3 7 data suggested that indeed wheat ZIFL respond to the Fe limiting condition, thereby suggesting a 2 3 8 common interlink of this gene family during Zn and Fe homeostasis. Our promoter analysis of wheat ZIFL genes indicates the presence of multiple HMRE suggesting 2 4 2 that few of these genes could respond to the heavy metals ( Supplementary Table S5 ). suggested the corresponding candidate for the transporter of mugineic acid (TOM). Thus, based 2 4 5 on the clade distribution for the corresponding candidate orthologs for the TOM genes for rice 2 4 6 (TOM1-OsZIFL4, TOM2-OsZIFL5 and TOM3-OsZIFL2) are identified as TaZIFL5-5A in grain, TaZIFL7.1-4D in grain and leaf. (Table S6 , Figure S3 ). For Septoria tritici infected seedlings, while a ~2- TaZIFL1.2 (3A, 3B, 3D) and TaZIFL5 (5A, 5B) were downregulated by 6 and 7.5-fold, 2 9 6 respectively. These expression data suggest that specific ZIFLs are differentially regulated under 2 9 7 infection conditions and show perturbed expression under abiotic stresses. The current work was undertaken to build the inventory of wheat ZIFL. Since wheat is a 3 0 2 hexaploid species with three genomes therefore, we expect a high number of transcripts encoding were identified as protein belonging to the ZIFL sub-family. Subsequent characterization of 3 1 5 these rice ZIFL genes led to the identification of functionally active OsTOM1, OsTOM2 and OsTOM3 (Nozoye et al., 2011; Nozoye et al., 2015) . Therefore, based on the phylogenetic 3 1 7 arrangement and previous characterization in rice, the corresponding homolog for the putative TaZIFL5-D. These two wheat ZIFL predicted proteins are putatively localized on vacuolar 3 2 1 membrane, thereby making them a strong candidate in a quest to identify novel membrane 3 2 2 transporters for micronutrient storage in the cell organelles. In general, very small numbers of transporters that needs to be functionally characterized in the near future. In rice, the high ZIFL reported till date from any monocot species. Zn also results in the generation of reactive oxygen and nitrogen species (Feigl et al., 2015) . The deficiency. Likewise, in the previous studies, our data also confirmed the overlapping expression 3 3 7 response of wheat ZIFL genes (Briat et al., 2015) . Additionally, under Fe limiting conditions, suggest that few of these ZIFLs might be involved in the overlapping pathways of Fe and Zn 3 5 0 homeostasis. Such partial overlaps of Zn and Fe homeostasis was reported earlier and is also 3 5 1 evident from our work. This may also lead to a speculation for the sharing of a common network shoots. Previously, it was also shown that expression of Arabidopsis ZIF1 remained unaffected and TaZIFL6.2 could be one of the best candidate genes for the further studies, as both the genes 3 6 0 remained unaffected. Nevertheless, careful selection of candidate gene must be done to minimize 3 6 1 the cotransport of other undesired metals during micronutrient uptake. zifl-2 mutants of Arabidopsis showed hypersensitivity to drought stress by disruption of guard during plant defense and has been implicated its role for export of antimicrobial compounds 3 7 3 during its interaction with the bacterial pathogen (Simmons et al., 2003) . In our study, a strong 3 7 4 expression of multiple ZIFL genes was observed when infected with multiple pathogens 3 7 5 suggesting its important role in providing resistance against fungal pathogens ( Figure S3 ). This study concludes that ZIFL transporters are the important players during the crosstalk for nicotinamine and mugineic acids in roots, ZIFL are certainly a priority candidate for uptake 3 7 9 and remobilization of micronutrients in the cereal grains like wheat. This is the first comprehensive study that resulted in identification of fifteen putative ZIFL genes 3 8 3 from hexaploidy wheat at the homoeolog level. These are the highest number of ZIFL genes 3 8 4 reported in plant system till date. Wheat ZIFL were characterized for their expression response in 3 8 5 seedlings exposed to excess Zn and Fe starvation. The contrasting expression of these ZIFL in wheat that could be the important target to address new means to enhance micronutrient uptake. To identify the potential members of ZIFLs from MFS_1 transporter family in wheat genome, 4 0 1 we used two independent approaches. In the first approach, the Pfam number (PF07690) for 4 0 2 MFS_1 was used and sequences were extracted from wheat using the Ensembl wheat database. indicates corresponding ortholog from rice followed by chromosomal and genomic location e.g. All the proteins were aligned through MUSCLE algorithm and a rooted phylogenetic tree was The divergence and conservation of motifs in wheat ZIFL proteins were also identified by using stratified seeds were further allowed to germinate at room temperature. Healthy seedlings were 4 4 9 transferred to phytaboxes (12-15 seedlings/phytabox) and grown in autoclaved water in growth 4 5 0 chamber for 5 days. Five days old plantlets were subjected to different Zn and Fe conditions and TaZIFL genes. (Table S7 ). Amplicons arising from these primers were also processed for For In-silico expression analysis 35 TaZIFL genes were selected and wheat expression browser, [42] was studied. In case of biotic stress, the studies considered were [43] [44] [45] . paralogs. BMC Plant Biol. 2011; 11:20. doi:10.1186 /1471 -2229 . Acid Levels and Increases Fe and Zn Accumulation. Front Plant Sci. 2018;9:1-12. Res. 2011;39:225-9. developmental stages and tissues, as well as fold change values obtained after processing the 
Analysis of conserved domains, gene arrangements and subcellular localization of wheat

